Introduction
In pome fruits such as apple and pear, decarboxylation of malic acid catalized by NADP-malic enzyme, ME, (E. C. 1. 1. 1. 40), which increases in activity during ripening. This reaction is thought to cause a burst of carbon dioxide evolution during climacteric rise (8, 1.0). In apple fruit, decarboxylation of malic acid causes a decrease in acidity and deterioration of fruit quality in storage. In a previous paper (23), we reported that late maturing apple cultivars not only soften more slowly during storage but they also decrease in acidity because the increase in ME activity is greater than that in early maturing ones. These results indicate that late maturing cultivars have a long shelf life, retain pulp firmness, but tend to deteriorate in quality because of a decrease in acidity. Therefore, it is important to control the activity of ME to maintain good apple quality during storage. But, little is known about the regulating mechanism of malic acid degradation during ripening or the properties of ME in apple fruit.
In this paper, we purified and characterized ME from apple fruit. The changes in enzyme activity during preharvest development and postharvest ripening were studied. The relationship between the rate of increase in enzyme activity with the ripening and the optimum time of harvest in three different apple cultivars is discussed.
Materials and Methods

Apple fruit
For purification of ME, apple fruit, 'Fuji', was harvested at maturity and stored at 0°C before use. To examine the changes in enzyme activities and the amount of enzyme protein with fruit development and ripening, 'Tsugaru' and `Starking Delicious' were also used.
Extraction of NADP-malic enzyme
Apple fruit was peeled and the pulp tissue was homogenized with 0.1 M Tris-HC1 (pH 8.0) buffer containing 0.25 M mannitol, 20 mM ascorbic acid, 50 mM 2-mercaptoethanol, and 10% polyvinylpolypyrrolidone. After blending the sample with a food juicer for 2 min at full speed at 2°C, the homogenate was squeezed through 4 layers of 449 gauze, and the filtrate centrifuged at 13,000 x g for 30 min at 2°C. The supernatant was used for enzyme purification and to study the seasonal changes in the activity of ME and the quantitative analysis of the enzyme protein by enzyme-linked immunosorbent assay (ELISA).
Purification of NADP-malic enzyme
The enzyme extract from apple fruit was prepared from 10 kg of 'Fuji' fruit pulp tissue. Crystalline ammonium sulfate was gradually added to the extract, up to a 30% saturation. After centrifugation at 10,000 x g for 20 min, the supernatant was brought to 70% saturation and centrifuged. The resulting precipitate was dissolved in 25 mM Tris-HC1 buffer (pH 7.2) containing 5.0 mM ascorbic acid and 10 mM 2-mercaptoethanol (buffer A) and was dialyzed against the same buffer. Then the sample was applied to a Whatman DE52 column (3.0 x 40.0 cm), equilibrated with buffer A. After the column was washed with 200 ml of buffer A, protein was eluted by a 2000 ml linear gradient of NaCl (0-0.2 M). The active fractions were gathered and brought to 70% saturation with ammonium sulfate to precipitate the proteins which were pelletized by centrifugation. After dialysis, the residue was applied to a DEAE-Sephadex A-50 (2.0 x 40.0 cm) column equilibrated with buffer A. The column was washed with 100 ml of buffer A; thereafter the protein was eluted by 100 ml linear gradient of NaCI (0-0.2 M). The active fractions were gathered and precipitated with a 70% saturated ammonium sulfate solution. The precipitate was redissolved in a minimum volume of buffer A. One ml of the enzyme solution was applied to Sephadex G-200 (2.0 x 90 cm) column equilibrated with buffer A. The active fractions were collected and concentrated with Amicon-Centriflo (Amicon Div., W. R. Grace & Co.).
The concentrated solution was dialyzed against 10 mM phosphate buffer (pH 7.2) containing 10 mM 2-mercaptoethanol (buffer B) and applied to a 2'5'-ADP Sepharose 4B column (1.0 x 5.0 cm) equilibrated with buffer B. The column was washed with 40 ml of buffer B, then the protein was eluted by 300 ml of buffer B containing 50 mM KC1. The active fractions were collected and assayed.
Enzyme assay
The activity of ME was assayed spectrophotometrically at 30°C by following the NADPH production at 340 nm. The standard assay medium contained 0.1 M Tris-HC1 (pH 7.2), 6.0 mM L-malate, 1.0 mM MnC12, 0.3 mM NADP+ and the enzyme in a final volume of 3.0 ml. The reverse reaction was also assayed spectrophotometrically at 30°C monitoring NADPH oxidation at 340 nm. The assay mixture contrained 50 mM MES (pH 6.7), 8.0 mM pyruvate, 20 mM Na2CO3, 1.0 mM MnC12, 0.2 mM NADPH and the enzyme in a final volume of 3.0 ml.
Molecular weight estimation
The molecular weight of ME was estimated by gel-filtration with Fast Protein Liquid Chromatography (FPLC) (Pharmacia LKB) equipped with 1.0 x 30 cm column of Superose 6 HR 10/30 equilibrated with 50 mM Tris-HCl (pH 7.2).
Polyacrylamide gel electrophoresis
Polyacrylamide gel electrophoresis with 7.5% gel was carried out according to the method described by Davis (5) . The protein was dyed with coomassie brilliant blue R-250. A zymogram of ME was obtained by the method of Asami et al. (1) . Sodium dodecyl sulfate-(SDS-) gel electrophoresis was conducted according to the methods of Weber and Osborn (21) .
Production of antiserum
The antiserum of ME from apple fruit was prepared by injecting intermuscularly 1 mg of purified ME supplemented with 0.5 ml of Freund's complete adjuvant (Difco Laboratories) into a rabbit. Two and three weeks after the first immunization, the rabbit was reinjected with ME and Freund's complete adjuvant. Ten days after the last immunization, the rabbit was bled.
Enzyme-linked immunosorbent assay (ELISA)
The amount of ME protein was estimated by ELISA method described by Lister and Rochow (14) with polystyrene microtiter plate (Dynatech Laboratories Inc.). The purified ME was used as a standard for the quantitative determination.
Results and Discussion
Purification of NADP-malic enzyme
The results of each purification step are summarized in Table 1 . The final enzyme preparation was purified 43-fold from the initial extract and the recovery was about 12%. The polyacrylamide gel electrophoresis (7.5%) showed a single protein band to coincide with the zymogram pattern of the ME activity (Fig. 1) . The specific activity of the purified enzyme was 31.2 units/mg protein when the activity was determined in the malate decarboxylating reaction.
In Ouchterlony's double immunodiffusion analysis, the antiserum against purified NADP-malic enzyme showed a single precipitin band with the purified ME and the crude apple extract; no contaminating band was detected (Fig. 2) . The anti- In ME purified from leaves of maize (1) and sugarcane (11, 12) , the Km values for malate and NADP+ in the presence of Mg++ were similar to our results determined in the presence of Mn++. The molecular weight and the number of subunits were also similar to those in maize and sugarcane.
Change of the NADP-malic enzyme with fruit development and ripening
The changes of activity and protein amount of ME as determined by the ELISA method in three apple cultivars were studied as the fruit developed and ripened during postharvest storage at 20°C (Table 2 ). 'Tsugaru' is an early maturing cultivar (harvested 20 Sep.), `Starking Delicious' and 'Fuji' are mid-and late maturing cultivar harvested on 15 Oct. and 1 Nov., respectively. The ME activities on the fresh weight basis were nearly constant, and no large differences were found amoung these three cultivars through their developmental period. With ripening, the activity increased more significantly in 'Fuji' than it did in 'Tsugaru'. The specific activity of ME changed little throughout the development and ripening and varied little among the three cultivars. Thus, the increase in ME activity during ripening phase presumably by de novo synthesis.
De novo enzyme synthesis with fruit ripening has also been demonstrated for tomato invertase (13) , polygalacturonase (19, 20) , and avocado cellulase (3). It is hypothesized that fruit ripening is con- trolled, at least in part, by the activation of gene expression, stimulated by the ethylene action, resulting in the production of enzymes that catalyze diverse ripening-related processes (9) . Much evidence has been accumulated supporting this hypothesis (2, 7, 15, 16 It was also proposed that the fruit becomes increasingly sensitive to ethylene with time after anthesis, and when the sensitivity of the fruit reaches the level reactive to the endogenous ethylene, the ripening-related gene becomes unrepressed and functional (17, 22) . The onset of the ripening process is different among cultivars and it may be the result of different rates of development in the sensitivity of the fruit against ethylene. The presence of the ethylene receptor and the contributions of other plant hormones have been considered to be the cause of the changes in sensitivity against ethylene (17, 22) . However, what regulates the sensitivity of the fruit to ethylene with ripening is unclear.
We reported in a previous paper (23) that the rate of increase in ME activity with ripening of apple fruit seemed to be a function of the maturation time in each cultivar. In this trial the data support that idea; 'Starking Delicious' and 'Fuji' showed the higher rates of increase in ME activity than did 'Tsugaru' ( Table 2) . Variations are also seen in different amount of the enzyme molecules. Variations in maturation in different cultivars are related not only to the rate of increase in ME activity but also to the rate of pulp softening associated with ripening (23) . Early maturing cultivars tend to soften more quickly and have shorter shelf lives than do late maturing cultivars. These results suggest that the factor(s) which regulate the maturation of apple fruit also affect the subsequent ripening processes.
The studies of gene expression and control of protein synthesis during ripening had been conducted mainly with the tomato fruit, little is known about this process in apple fruit. However, to advance storage technologies and develop new breeding strategies for many fruit crops, it is important to know the roles of the enzymes involves in the fruit ripening mechanism.
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